Concurrent measurements of evaporation, leaf conductance, irradiance, leaf water potential, and osmotic potential of maize (Zea mays L. cv. Pa6O2A) in soil at either high or low soil water potential were compared at several hours on two consecutive days in July. Hourly evaporation, measured on two weighing lysimeters, was similar until 1000 hours Eastern Standard Time, but thereafter evaporation from the maize in the dry soil was always less than that in the wet soil; before noon it was 62 % and by midafternoon, only 35 % of that in the wet soil. The leaf water potential, measured with a pressure chamber, was between -1.2 and -2.5 bars and between -6.8 and -8 bars at sunrise (about 0530 hours Eastern Standard Time) in the plants in the wet and dry soil, respectively, but decreased quickly to between -8 and -13 bars in the plants in the wet soil and to less than -15 bars in the plants in the dry soil by 1100 to 1230 hours Eastern Standard Time. At this time, the leaf conductance of all leaves was less than 0.1 cm sec in the maize in the dry soil, whereas the conductance was 0.3 to 0.4 cm sec-' in the leaves near (15) , and previous stress history (10). Also, the development of plant water stress is influenced by aerial environment as well as the soil water status. Thus the development of stress and stomatal behavior in a species at high and low soil water potentials, using the data presented in the previous studies, is not a rigorous comparison since the data at the two soil potentials were obtained on different dates and even in different years.
a smaller degree than leaf water potential, so that by 1100 to 1230 hours Eastern Standard Time the leaf turgor potential was 1 to 2 bars in all plants. Thereafter, leaf turgor potential increased, particularly in the plants in soil at a high water potential, whereas leaf water potential continued to decrease even in the maize leaves with partly closed stomata. Evidently maize can have values of leaf conductance differing 3-to 4-fold at the same leaf turgor potential, which suggests that stomata do not respond primarily to bulk leaf turgor potential. Evidence for some osmotic adjustment in the plants at low soil water potential is presented. Although the degree of stomatal closure in the maize in dry soil did not prevent further development of stress, it did decrease evaporation in proportion to the decrease in canopy conductance.
The role of stomata in the regulation of E£ by a crop or leaf canopy is now well recognized (20) (21) (22) . However, the mecha- 7r: osmotic potential; P: leaf turgor potential; k,: stomatal conductance; kc: conductance of the canopy.
nisms through which moisture stress induces stomatal closure, and hence regulation of E, have been less widely studied. In two previous papers, the stomatal behavior and water status of maize, sorghum, and tobacco were followed in plants growing in either soil at high (17) or low (15) (6) , growth conditions (8) , position in the canopy (15) , and previous stress history (10) . Also, the development of plant water stress is influenced by aerial environment as well as the soil water status. Thus the development of stress and stomatal behavior in a species at high and low soil water potentials, using the data presented in the previous studies, is not a rigorous comparison since the data at the two soil potentials were obtained on different dates and even in different years.
In the present study, the stomatal behavior, plant water stress and E of maize in soil at low and high water potentials have been compared over the same period of time and under the same meteorological conditions on plants at the same stage of development. The direct comparison of stomatal behavior and development of plant water stress of plants in moist and dry soil enabled the role of leaf turgor on stomatal behavior to be assessed and the concurrent measurement of E enabled the role of stomatal conductance on E to be evaluated.
MATERIALS AND METHODS
The study was conducted from 1100 hr on one day to 1400 hr the following day on two consecutive days in July, in a 0.5 ha field of maize (Zea mays L., cv. Pa6O2A) at the Lockwood Farm, Mt. Carmel, Connecticut. The maize was sown in midMay to give a final plant population of 71,000 plant/ha. At the time of this study the crop was 1.5 m tall, had a LAI of 4.2, and the tassels were just emerging. The meteorological conditions at the Mt. Carmel Meteorological Station, 400 m from the experimental site, are given in Table I . Rainfall totalled only 40 mm in the previous 44 days, but the crop showed no signs of wilting except in small areas of shallow soil.
Each hour, except between 2100 and 0700 hr EST, the E 932 were taken from plants grown under identical conditions in drums buried in the ground 6.7 m and 13.3 m south of the lysimeters. Measurements of stomatal conductance on these plants were sufficiently similar to those in the lysimeters at all times of the day to give confidence in the procedure. The order in which the plants in the wet and dry soil were sampled was randomized.
The stomatal conductance of the horizontal portion of a leaf was measured with a ventilated diffusion porometer (19) . The adaxial and abaxial stomatal conductances were measured separately on adjacent portions of the leaf, and the k, was calculated assuming that the two leaf surfaces acted as paralled conductors. The mean k, was calculated by summing the mean values of k, of the pair of leaves at the five heights in the canopy.
Immediately after the completion of the measurements of k,, the irradiance incident upon the adaxial epidermis, in the region of conductance measurements, was obtained with a model 756 Weston Sunshine Illumination Meter (Weston Instrument Co., Newark, N.J.). The meter was calibrated in energy units with an Eppley pyranometer (Eppley Laboratory, Inc., Newport, R.I.); the calibration was obtained on several days with the illumination meter and pyranometer situated above the crop.
The leaf water potentials were measured on half a leaf placed in a pressure chamber (18) , a modification of that described by Scholander et al. (13) which provides reasonable estimates of i in maize (4).
The osmotic potentials were measured with a Model 302B Hewlett Packard (Avondale, Pa.) vapor pressure osmometer. Leaf samples from the opposite half of the leaf used for the measurement of 1 were sealed into a test tube and quickly frozen in Dry Ice. The frozen samples were returned to the laboratory and then allowed to thaw before the cell constituents were expressed from the leaf and quickly transferred to the osmometer.
The f and ,, concurrently sampled and measured on the same leaf, were used to determine the bulk P from the equation: f = i+P (1) Matric potential was assumed to be zero.
The leaf area of the plants in the lysimeters was measured nondestructively using the formula (11):
Leaf area = length X maximum width X 0.75 (2) The leaf area of the crop was similarly obtained from four randomly chosen plants.
RESULTS
Because the rates of E were similar between 1100 hr and 1400 hr on the two days, the data for this period are combined and presented diurnally from midnight to midnight. Early morning dew and light cloud kept E low and equal on the two lysimeters until 1000 hr EST (Fig. 1) . Thereafter, the rates of E diverged: for plants in wet soil, E continued to rise until midafternoon and then decreased rapidly until sunset (1900 hr EST); for plants in dry soil, E remained relatively constant between 1000 and 1600 hr and then decreased. Thus, just before noon the E from the plants in the dry soil was 62% of that in the wet soil, but by midafternoon it was only 35%. Over the 24 hr period, E was only 2 mm in the dry soil compared with 5 mm in the wet soil.
Concurrent measurements of k,, ,6, 7r, and P are presented in Figure 2 . Because the vertical profiles of irradiance were similar at similar times of day to those observed previously in maize (17) , they are omitted from The mean.. at sunrise was -9.6 bars and -13.4 bars for plants in the wet and dry soil, respectively. In all plants, , decreased during the day to minimum values in the early afternoon. Because , , did not decrease as rapidly nor to the same degree as2, by late morning (1100 to 1230 hr EST) P of all leaves was between 1 and 2 bars. Of particular note in the fact that at this time P of plants in the wet soil was lower than that°o f plants in the dry soil except in one leaf at the base of canopy, and even by early afternoon, when sf and reached their minimum values, the mean P of all leaves of plants in x the dry soil were only marginally lower than those in the wet 2, soil. However, because the recovery of P was quicker in the plants in wet soil than those in dry soil, by 1700 to 1830 hr o EST, the mean P of plants in the wet soil was 4.9 bars whereas it was only 1.3 bars in the plants in the dry soil. o
The changes in ' and ,, between the time intervals in Figure   2 , as a mean of five levels in the canopy, are given in Table II . shown previously that these differed from leaves at interearly mediate heights (15) . The regressions, fitted as previously (15) (Fig. 3a) . The Figure 3b where the values for one set of leaves at the same height in the canopy for the wet and dry soils are shown from near sunrise to late afternoon. As can be seen from this figure, P decreased markedly as / decreased in the morning so that by late morning P was between 1 and 2 bars in the plants at both low and high soil water potentials: this rate of decrease in P with decreasing ' was similar for leaves at other heights in the plants in both the wet and dry soil. However, thereafter P increased even though there was a further decrease in V. The increase in P between late morning (1 100 to 1230 hr EST) and late afternoon (1700 to 1830 hr EST), during which time & varied by less than 2.5 bars, was greater in the plants in wet soil than those in dry soil.
The influence of k, on E is assessed in Figure 4 . For plants in both wet and dry soil, E increased linearly with k,. In the wet soil E and k, varied linearly over a considerable range. In the dry soil, the range over which E and k, varied was smaller than that in the wet soil, but the correlation was the same, within the scatter of the points, as that for the wet soil.
DISCUSSION
The concurrent comparisons of stomatal behavior, water status, and evaporation of maize at either high or low soil water potential, but under similar meteorological conditions and at the same stage of development, has demonstrated that closure of stomata as a result of internal plant stress has a direct effect upon the rate of evaporation of the crop, that bulk leaf turgor does not regulate stomatal behavior, and that the degree of stomatal closure observed in this study does not prevent the development of further stress in the plant. Furthermore, evidence is provided that some osmotic adjustment in response to stress may occur in maize.
The abrupt increase in stomatal resistance, or decrease in k,, as the plant water status fell below a critical value, was shown in a previous paper (15) . The influence of this decrease in k, on the evaporation has been clearly shown in this study.
The E by the plants in the dry soil began to fall below that in the wet soil when i fell below -15 bars and k, decreased ( Figs.  1 and 2) . The close correlation between mean k, and the hourly mean of E in plants in the dry soil as well as those in the wet soil (Fig. 4) , measured under the same meteorological conditions, indicates that E is directly under stomatal control and is reduced in proportion to the mean stomatal closure of the The regulation of E by stomata is well recognized and is considered to be a means of controlling or preventing the development of further stress. However, it is clear from Figure  2 that the stomata in leaves at the top of the canopy only partly closed and this did not completely prevent further E (Fig. 1) , nor did it prevent the further development of stress as indicated by the decrease in il between the late morning and early afternoon observations (Table II) . This suggests that maize may be poorly adapted to drought conditions. On the other hand, some osmotic adjustment occurs during the same late-morning to early-afternoon interval in which k, is low (Table II) , thus increasing P (Fig. 3b) . Some of the decrease in -rTas if decreased presumably results from the concentration of solutes in the cell as water is extracted, but the observation that P increased to a greater degree in the plants at high rather than low soil (16) . This suggests a unique P for stomatal closure in all species at all stages of growth. However, the present study indicates that this is clearly not the case because at the same P, the k, of the leaves near the top of the canopy was 0.1 cm sec-1 and 0.3 cm sec-1 in the plants at low and high soil water potentials, respectively (Fig. 2) . This emphasizes that stomata do not respond to changes in bulk leaf turgor, but to differences in turgor between the guard cells and neighboring cells in the epidermis. A similar conclusion can be drawn from the observations, that first, k, does not change over a considerable range of P (15) , and second, abaxial stomata close at greater values of i and P than adaxial stomata (7, 9) .
Finally, the profiles of k,, b, 7, and P that were observed in the plants in wet and dry soil (Fig. 2) were similar to those observed previously in maize at either low (15) 
